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The effects of low and high pH on the state of
aggregation of bovine serum albumin have been
the subject of a number of recent publications.?~*
It is the purpose of this communication to report
on some light scattering and ultracentrifugal mea-
surements carried out on crystallized Armour
bovine plasma albumin (BSA) in the pH range of
3 to 5 as a function of ionic strength, pH, prelimi-
nary deionization of the protein solution,® and length
of time that the protein solution was permitted to
remain at room and refrigerator temperatures.

The light scattering data obtained as a function
of angle were measured on an instrument whose
calibration was described in a recent publication,’
while the light scattering experiments carried out
as a function of concentration at 90° were per-
formed in the previously used photometer®® with a
3-ml. cell! on solutions cleared for light scattering
as previously described.’! The ultracentrifugal
measurements were carried out at room tem-
perature in a Spinco Model E analytical ultracen-
trifuge at 59,780 r.p.m. ,

The results of the multiangle light scattering
experiments as a function of time are shown in
Figs. 1 and 2. The curves in Fig. 1 were obtained
using non-deionized BSA in pH 4.0 acetate buffer
of 0.20 ionic strength. Curves A and B were ob-
tained with a 2.19, protein solution, A at 325 to
650 sec. after dilution, and B at 4,500 to 4,600 sec.
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This solution was then diluted in the cell with clean
buffer and filtered. The light scattering results
obtained with the resulting 0.78%, protein solu-
tion are shown by curves C and D, obtained at
8,000 and 20,000 sec., respectively. While curves
A and B indicate an increasing molecular weight!?
and dissymmetry with time, curves C and D show a
disaggregation and disappearance of very large
aggregates upon dilution as evidenced by the great
reduction of dissymmetry in these measurements.
Similar results were obtained with another non-
deionized solution at pH 4.0 which, however, had
not been filtered after dilution, as well as with a
non-deionized BSA solution in pH 5.0 acetate buffer
of 0.20 ionic strength.

When an experiment was carried out with de-
ionized BSA in pH 4.5 acetate buffer of 0.20 ionic
strength no change in turbidity or appearance of
dissymmetry occurred upon standing for close to
4.5 hours at room temperature.

In Fig. 2 are presented the low pH multiangle
light scattering results obtained with two de-
ionized preparations of BSA. The stock solution
of protein was deionized at room temperature and
lyophilized prior to use. In the first experiment,
shown by curves A and B of Fig. 2, the lyophilized
protein was dissolved in a 0.20 M NaCl solution of
pH 3.0 and permitted to stand overnight at re-
frigerator temperature. This was then brought
to room temperature, filtered and diluted to the
concentration of the measurement. The results
indicate that a considerable degree of aggregation
occurs with standing at room temperature. The
angular envelope, however, shows little dissym-
metry.’® Thus, immediately after dilution, the
molecular weight was 100,000. This value had
increased to 111,000 after 3.5 hours of standing
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Fig. 1.—Angular scattering envelope for non-deionized
BSA solutions in pH 4.0 acetate buffer (I'/2 = 0.20): A,
2.19, protein, 325-650 sec; B, same, 4,500—4,600 sec.; C,
solution diluted to 0.78%, 8,000 sec.; D, same, 20,000 sec.
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Fig. 2.—Angular scattering envelope for deionized BSA
solutions in pH 3.0 HCI-NaCl (0.20 M NaCl): A, 0.72%
protein, 13,000-14,000 sec.; B, same, 75,300-76,100 sec.;

- C, 0.68%, protein, 100-800 sec.; D, same, 62,000-63,000 sec.
(All times are from the moment of dilution. The concen-
trated stock solutions had remained overnight at refrigerator
temperature.)

and to 182,000 after 21 hours. Ultracentrifugal
analysis'® of this solution at the end of the light
scattering experiment showed the presence of
two heavy components (109, of Sy,w = 4.55, 159,
of Sz,w = 8.97) in addition to the normal albumin
boundary (Siw = 3.18) (Fig. 3a). Such a com-
position of the solution corresponds well to a weight
average molecular weight of 182,000.

Another run done under similar conditions and
shown by curves C and D of Fig. 2, indicates that a
protein solution which had aggregated to a molecu-
lar weight of 400,000 after standing for 20 -hours
after dilution at room temperature (curve D) dis-
played no angular dissymmetry. This would indi-
cate that extensive aggregation can occur in BSA
at pH 3.0 without increasing drastically the length
of the kinetic unit. Such a case would be possible
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Fig. 3.—Ultracentrifugal patterns of deionized BSA in
pH 3.0 HCI-KCI (I'/2 = 0.20): a, solution deionized at 25°
and lyophilized; run immediately after light scattering
(curve B of Fig. 2); b, solution deionized at 4° and used
fresh; analyzed in ultracentrifuge after standing 5 days at
25° and 21 days at 4° at pH 3.0; c, solution deionized at 4°,
frozen for 6 weeks; analyzed after standing 5 days at 25° at
le %0) (In all cases, sedimentation proceeds from right
to left.

only if the aggregation were mostly of a side-by-
side rather than end-to-end type. The difference
in the extent of aggregation observed with these
two similarly treated solutions is a good example
of the observed variation in the extent and rate
of aggregation of BSA in acid pH.

Another set of light scattering measurements
was carried out with a BSA solution which had
been deionized at 4°. In this case, light scattering
measurements, reported in detail elsewhere,!® were
carried out in the pH range of 2.6-3.2 in HCI-KCl
media of 0.01 and 0.20 ionic strengths. The solu-
tions were measured both immediately after de-
ionization and also after six weeks storage in a
frozen condition. The deionized protein was ad-
justed to the conditions of the experiment and
then permitted to stand overnight at refrigerator
temperature. Each solution was then brought to
25°, filtered and used immediately in 90° light
scattering measurements as a function of concen-
tration. In view of the complete symmetry ob-
tained in the multiangle experiments described
above, no dissymmetry measurements were made.
The results obtained yielded molecular weight
values of a magnitude similar to that normally
obtained for BSA at isoionic pH'’s (72,000-
80,000).15% Ultracentrifugal analyses carried out
on these solutions immediately after the light scat-
tering measurements showed no differences from
pictures obtained at pH 5.6 in 0.1 M KCI.

When the solutions used in the last light scatter-
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ing experiments were permitted to stand for five
days at 25°, no change was observed in the ultra-
centrifugal patterns in the case of the 0.01 ionic
strength solutions. In the case of the 0.20 ionic
strength solutions, however, various degrees of
aggregation were found, depending on the treat-
ment of the deionized stock BSA solution. Thus,
when the experiments were done on a freshly de-
ionized BSA solution, the ultracentrifugal anal-
yses, taken after five days at 25° followed by 21
days at 4° showed the presence of only 189, of
the “dimer” (Fig. 3b), but no heavier (8.97 S)
component. The deionized solution that had
been kept for six weeks in a frozen condition prior
to adjustment of the pH to 3.0, after standing for
four days at room temperature in pH 3.0 KCl-
HCI of 0.20 ionic strength, yielded ultracentrifugal
pictures which showed the presence of equal
amounts (ca. 15%) of the “dimer” and of the
heavier (8.97 S) component (Fig. 3c).

These results, which indicate that aggregation
occurs in BSA at pH 3.0 at high ionic strength, are
in good agreement with recent reports.4* The ob-
served dependence of the aggregation on pretreat-
ment of the BSA is also consistent with the find-
ings of Halwer, et al.? Furthermore, the low values
of the sedimentation constants of BSA obtained at
pH 3 are in complete agreement with those reported
by Bro, Singer and Sturtevant® and, as proposed by
these authors, they ‘“provide additional evidence”
for the reversible expansion of BSA in acid solution,
described by Yang and Foster?! and by Tanford,
et al.?

It would appear from the above observations that
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deionization in the cold followed by immediate use
of the protein solution results in a preparation which
is fairly resistant to aggregation at acid pH’s.
Freezing of the deionized solution or deionization
at room temperature followed by lyophilization
results in a more labile material. The data ob-
tained in the pH region of 4.0 to 5.0 with deionized
and non-deionized preparations indicate that in
the latter case complications arise due to the
presence of an ionic “impurity.” This leads to the
formation of very heavy aggregates which, how-
ever, can be dissociated by dilution. Since the
dilution also reduces the concentration of the free
“impurity” in the solution, it might possibly lead
to a shift in the equilibrium toward disaggregation.
That the size of the aggregate in the last case is very
large and its concentration is small can be con-
cluded from the pronounced dissymmetry of light
scattering and also from the fact that ultracen-
trifugal analyses of BSA under similar conditions
give no evidence for the presence of. significant
amounts of very large components.

Summary.—Light scattering and ultracentrifugal
measurements have been carried out on*deionized
and non-deionized solutions of BSA in acid pH'’s.
It was found that while the non-deionized solutions
aggregated readily, the deionized protein aggregated
only at the lower pH’s (~3) in high salt concentra-
tion. The rate and extent of aggregation were
erratic. No appreciable dissymmetry was observed
with the deionized protein, indicating that the
associated units are compact.
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